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摘  要 
本文围绕一种基于二氧化硅纳米颗粒的免疫酶标记物的制备方法展开。酶联








油包水（W/O）型微乳体系，制备了直径为 50±5 nm 的二氧化硅纳米颗粒，以此
为载体，制备了抗体–酶–硅纳米颗粒复合物。通过氨基硅烷修饰在硅纳米颗粒的




效果的影响。 后在 优的条件下检测乙肝表面抗原，其灵敏度达到 0.06 ng/mL，
线性范围 0.15–12.5 ng/mL，对 260 份血清样品的检测结果与传统的 ELISA 完全






对氯霉素检测的灵敏度 低可以达到 0.012 ng/mL，而且线性良好。以我们 终
选定的策略和标记物进行回收率实验，回收率在 85.01%–101.23%之间，CV 在




































This dissertation focuses on the development of a new strategy for preparing 
enzyme conjugates using nanoparticles as carriers and their application in 
Enzyme–linked immunosorbant assay (ELISA). ELISA is the most popular technique 
used for immunoassays, and the immunoassay based on nanoparticles as labels is a 
new technique that bears a lot of advantages. In our research, we combined these two 
techniques and developed a novel technique.  
In chapter one, we reviewed the development of enzyme-linked immunosorbant 
assay, especially focused on signal enhancement labeling strategy. The conventional 
and newly developed techniques for enzyme conjugates preparation and signal 
enhancement were summarized.  
In chapter two, we described the preparation of HRP labeled silica nanoparticles 
and their application in sandwich ELISA. Silica nanoparticles with a diameter 50±5 
nm were synthesized by W/O microemulsion method and used as carriers for 
preparation of antibody–enzyme–nanoparticle complex. First of all, these silica 
nanoparticles were modified by amino silane to generate amino groups on the surface, 
and then HRP were coupled to the surface of aminated silica nanoparticles by 
peroxidation method, finally the antibody were bridged on the enzyme labeled silica 
nanoparticles by oxidated dextran. We compared the effect of HRP labeling by three 
different kinds of amino silane, and we also investigated the effect of different dose of 
HRP and antibody used for labeling. In optimized condition, the detection limit of 
HBsAg by our method is 0.06 ng/mL, the linear range is 0.15–12.5 ng/mL and the 
detection of 260 serum samples by our method and conventional ELISA gave 
completely consistent results for all samples. The corelation between our method and 
conventional ELISA for determination of 30 positive serum is excellent with a 
correlation factor r = 0.992. 
In chapter three, we described the application of HRP labeled silica nanoparticles 
for determination of chloramphenicol. We investigated the feasibility of HRP labeled 















strategies and two different enzyme conjugates prepared by different amino silane for 
determination of chloramphenicol. The sensitivity of nanoparticle-based competetive 
ELISA for determination of chloramphenicol by different methods ranged from 0.012 
ng/mL to 0.29 ng/mL, and the linearity were excellent. We chose the strategy and 
enzyme conjugates which showed best performance according to our research results 
to carry out the recovery experiment, the recovery was 85.01–101.23% and CV was 
6.89–25.66%, which indicated that our method was feasible and effective. We also 
used the optimized strategy for determination of CAP samples and found that the 
correlationship between conventional ELISA and our method was excellent. 
In conclusion, compared with conventional method that enzyme molecules were 
directly coupled to antibody or antigen molecules, the preparation of enzyme 
conjugates by using silica nanoparticles as carriers had several advantages. First of all, 
it was easy to handle and the labeling process was controllable; secondly, it has high 
repeatability and easy to purify; thirdly, it could enhanced the signal by several times.  
 































































1.2.1 ELISA 的基本类型 
ELISA可以用来测定抗原，也可以用来测定抗体，总的来说可以分为以下三

















图 1.1 三种基本类型的 ELISA 
Fig. 1.1 Three basic types of ELISA 




















根过氧化物酶（Horseradish peroxidase, HRP），碱性磷酸酶（Alkaline phosphatase, 
ALP），β–半乳糖苷酶（β-galactosidase, β–Gal）和葡萄糖氧化酶（Glucose oxidase,  
GO）等来作为免疫标记酶。这些酶的检测方法总结于表 1.1 中： 
 
表 1.1 常用免疫标记酶以及其检测方法 
Table 1.1 Popular enzymes for immunoassay labels and their subtracts 
酶 EC 编号 检测方式 底物 参考文献
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